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CO2 TRANSPORT
FOR COMMERCIAL SCALE CCS SYSTEMSFOR COMMERCIAL SCALE CCS SYSTEMS

1) The Evolving Framework for CO2 Pipeline Systems

2) Pipeline CO2 Specifications 

3) Existing Transportation (Pipeline) Models

4) Th F t Ch ll E l f N t k4) The Future Challenge – Examples of Networks

5) Point-to-Point, Ownership and Open Access Issues 

6) Facilitating the Pipelines – Government/Quasi Government 
and Commercial Facilitators
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THE EVOLVING FRAMEWORK
for CO2 Pipeline Systems

Type I Special, Single Use Pipelines 
(Case-by-case Specifications for 
Carried Fluid Composition)Carried Fluid Composition)

Type II The North American Network i eType II The North American Network i.e., 
Multiple Source and User Lines 
(Strict Specified CO2 Composition)

Type III Hybrid Lines (Relaxed but 
Controlled CO Composition)Controlled CO2 Composition)



TYPE I
SPECIAL SINGLE USE “CO ” PIPELINESSPECIAL, SINGLE USE “CO2” PIPELINES

Does Not Attempt to Commoditi e CO• Does Not Attempt to Commoditize CO2

• Minimizes Processing Cost of CO2

S ifi ti f C i (I j t t ) Fl id C ld• Specification of Carrier (Injectate) Fluid Could 
Vary Widely
W ld M t Oft b Sh t R Pi li• Would Most Often be a Short Run Pipeline 
Connecting Single Source to Single Sinks or 
Sink ClustersSink Clusters 

• Common Source-to-Sink Ownership
No Current (High Volume) Operational Models for Type I CO2 Pipelines



Current CO2 Pipeline Systems
(Emphasized Herein)

i.e., Commodity CO2 Lines

Types II and III



Type II 
MULTIPLE SOURCE AND USER LINES (HIGH 
VALUE AND SPECIFIED CO2 COMPOSITION)

• Designed to Connect Multiple Sources with 
Multiple SinksMultiple Sinks

• Strict Specifications for CO2

• Multiple Pipeline Interconnects• Multiple Pipeline Interconnects
• Several Pipeline Models Exist Today that 

can/will Interconnect to Future Lines (Perhapscan/will Interconnect to Future Lines (Perhaps 
Evolving to a North American CO2 Pipeline 
Network))



Type III
HYBRID CO PIPELINESHYBRID CO2 PIPELINES

• Can Include Multiple Sources and Multiple Sinks
• Locally Sink-Defined Specifications for CO2

• Commodity Pipeline (Lower Value Carrier Fluid)
– e.g., High H2S, High N2 (ECBM)

• Shorter Run Pipelines
• Possible Special Operational Safety Issues 

– e.g., High H2S Concentrations



EXISTING TRANSPORTATION MODELS



CO2 PIPELINE SPECIFICATIONS 
EXAMPLE 1 (Type II)EXAMPLE 1 (Type II)

*  Personal Communications



CO2 PIPELINE SPECIFICATIONS 
EXAMPLE 2 (Type II)EXAMPLE 2 (Type II)

**

*  Personal Communications



CO2 PIPELINE SPECIFICATIONS 
EXAMPLE 3 (Type III)

**

*  Ref: http://www.apgtf-uk.com/15Jan03/pdf/09%20RILEY%20Transport%2015Jan03.pdf



SUMMARY OF CO2 PIPELINE 2
SPECIFICATIONS

II II III

* * *



CONTAMINANT ISSUES
Aff i CO C di V lAffecting CO2 Commodity Value

Pipeline Corrosion (Water and O gen)• Pipeline Corrosion (Water and Oxygen) 

• Safety (e.g., H2S)

• Dense (Critical) Phase Degradation

• Reservoir Microbial Activity (e g Oxygen)• Reservoir Microbial Activity (e.g., Oxygen)

• Oil Miscibility (Methane and Nitrogen)

• Enhanced Gas Recovery

• Others?• Others?



EXAMPLE NETWORKS
(EXISTING)(EXISTING)



THE SOUTHWEST U.S.
CO2 PIPELINE SYSTEM

(1972-2007)McElmo Source

Sheep Mtn Source Bravo Source

W. LEVELLAND (PETROSOURCE)

Sheep Mtn (BP) Bravo (Oxy)

C O C H R A N
SALT CREEK

MALLET UNIT (OXY)
LEVELLAND (OXY)

SLAUGHTER (OXY)

(1972 2007)

Denver City Hub

McElmo Source
SLAUGHTER (CHEVRON)

Cortez (KM)

ROSWELL
(CONOCO)

VACUUM UNIT

(CONOCO)
MALJAMAR

(OXY)
SALT CREEK

ADAIR (APACHE)

WASSON (OXY)
(PETROSOURCE)

WELLMAN

SEMINOLE (HESS)
(CHEVRON)

WELCH (OXY)

(G.R. BROWN)

C. VAC  (CHEVRON)

GARZA

COGDELL (OXY)

EUNICE MONUMENT
N. DOLLARHIDE (OXY)

ELMAR 

N. HOBBS (OXY)
S. HOBBS (OXY)

SHARON RIDGE
(OXY)

DIAMOND M (SUN)
(KM)
SACROC UNITMEANS (EM)

FUHRMAN - MASCHO

(OXY)
NORTH COWDEN

MIDLAND

CLAYTONVILLE (KM)

TWO FREDS

(CONOCO)
GERALDINE FORD

KEYSTONE 8" 5 MI KM
N. COWDEN

SOUTH COWDEN

MIDLAND

WADDELL (CHEVRON)
McELROY NORTH

M ELROY

(APACHE)
N WARD ESTES

GRAY RANCH
YATES FIELD UNIT (K-M)MITCHELL

PUCKETT

McELROY 

NORTH CROSS UNIT (OXY)
SOUTH CROSS UNIT (OXY)

(CHEVRON)
N. WARD ESTES

(WHITING)

McCamey HubVal Verde Sources

MIDCROSS UNIT (OXY)
PIKES PEAK

GRAY RANCH

TERRELL

BROWN BASSETT

EXISTING PIPELINES

GAS PLANT

FIELDS
Val Verde Lines  
(PetroSource)
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EXAMPLE NETWORKS
(PLANNED)(PLANNED)



Kinder 
Morgan’sMorgan s 
Proposed 
SasquatchSasquatch 

CO2 Pipeline;2
Alberta, 
CanadaCanada 

Re: KM Personal Communication - 2007



Illinois Example

• 180 mile pipeline
365 MM f/d (7 7• 365 MMscf/d (7.7 
million tonnes/yr) 
designed pipelinedesigned pipeline 
from a “CO2 EOR” 
perspectivep p

• Medium pressure 
(2,300 psig) 18-inch ( p g)
pipe, cost estimate is 
$779,444/mile

• $144 million installed
Ref: Illinois Geological Survey - 2007



Ownership, Point-to-Point, 
and Open Access Issues 



INDIVIDUAL or COMMON 
OWNERSHIP

CAPACITIES 
CONTRACTED BY

COMMON TARIFF

CONTRACTED BY 
PL OWNER(s)/ 
OPERATOR

COMMON TARIFFs 
FOR EACH 
TRANSPORTER

PRIVATEPRIVATE 
PIPELINE, NO 
OPEN ACCESS

BRAVO AND SHEEP MTN 
MODELS (PERMIAN)



DIVIDED OWNERSHIP (a)DIVIDED OWNERSHIP (a)
CAPACITIES 

A
D

CONTRACTED 
BY EACH 
OWNER

SEPARATE 
TARIFFs FOR 
EACH OWNER

B

C

PRIVATE 
PIPELINE, NO 
OPEN ACCESS

ESTE MODEL (PERMIAN)



DIVIDED OWNERSHIP (b)DIVIDED OWNERSHIP (b)
CAPACITIES 
CONTRACTEDPUBLIC

SEPARATE

CONTRACTED 
BY EACH 
OWNER

SEPARATE 
TARIFFs FOR 
EACH OWNER

FOR PRIVATE
PRIVATE

FOR PRIVATE 
PORTION, NO 
OPEN ACCESS

ACCOMODATION 
FOR GROWTH

FOR ‘PUBLIC’ 
PORTION OPENPORTION, OPEN 
ACCESS

ALBERTA MODEL?



FACILATORS AND ROLESFACILATORS AND ROLES
• INDUSTRY

– PAST SOURCE-TO-SINK MODELS DOMINATE
– BUT EXCEPTIONS DO EXIST
– SEPARATE PL COMPANIES AS FACILITATORSSEPARATE PL COMPANIES AS FACILITATORS

• QUASI-GOVERNMENT
– WYOMING PIPELINE AUTHORITY MODEL

• GOVERNMENT ROLES
– CAPACITY ENHANCEMENTS (OWNERSHIP)– CAPACITY ENHANCEMENTS (OWNERSHIP)
– ROW ASSISTANCE

• EMINENT DOMAIN
TRANS TEXAS CORRIDOR MODEL– TRANS TEXAS CORRIDOR MODEL



LIST OF PL FACILATORS
(FOR TYPES II AND III {PARTIAL?})

• KINDER MORGAN
• TRINITY CO2

• BLUE SOURCE
• EL PASO (CIG)
• PENN WEST
• ENBRIDGE
• SEMPRA
• SEMGROUPSEMGROUP



Contact InformationContact Information

P O B 2083P.O. Box 2083
Midland, Texas 79702

Ph:  432-682-7664
Email: melzerls@aol comEmail:  melzerls@aol.com

Website:  melzerconsulting.com



If T h i l C i i C Fi ?If Technical Criteria Come First?

Then An Interesting Sidebar 
Discussion Should be EntertainedDiscussion Should be Entertained 

(Time Permitting)



A Quick Look at Your Neighbor to the East

Ref:  Map of Michigan & Part Of Wisconsin Territory, Exhibiting the Post Offices, Post Roads, Canals, Rail Roads, &c. By David 
H. Burr. (Late Topographer to the Post Office.) Geographer to the House of Representatives of the U.S. John Arrowsmith. 
Entered ... July 10th, 1839, by David H. Burr ... District of Columbia. Author: Burr, David H., 1803-1875 Date: 1839 



Michigan CO2

Enhanced Oil 
RecoveryRecovery

“A well kept secret”

Robert G. MannesRobert G. Mannes

Presented at the 2003 CO2 Flooding Conference in Midland, Tx 
Dec ‘03



• 17th in oil 
productionp

• 11th in natural gas 
production

• 18th in oil wells 
drilled

9th i l
Michigan 

• 9th in natural gas 
wells drilled

• 54 active gas

g
at a 

Glance 54 active gas 
storage fields

• 600 Bcf working 
storage capacity

Cumulative Production through 2002:Cumulative Production through 2002:
• 1.238 Billion Barrels of Oil

• 6.083 Trillion Cubic Feet of Gas

After Mannes, R. (12/08),  2003 
CO2 Flooding Conference 
Presentation in Midland, Tx Dec ‘03



Michigan 
Sil i R f
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Southern Silurian
Reef Trend

Reef 
Trend

recovery
• only a limited number of

waterflood attemptswaterflood attempts

Thickness 150 to 700 ft
Key Engineering Properties - Northern Trend
Thickness 150 to 700 ft
Average Porosity (Range) 7% (3 to 18%)
Average Permeability (Range) 12 md (0.1 md to 8 darcies)
Oil Gravity 40º to 42º api on average
A R i T t 100º t 120º F After Mannes R (12/08)Average Reservoir Temperature 100º to 120º F
Oil Formation Volume Factor 1.2 to 1.6
Lithology Dolomite and/or Limestone
Average depths to top of reservoirs 4500 to 6000 ft

After Mannes, R. (12/08),  
2003 CO2 Flooding 
Conference Presentation 
in Midland, Tx Dec ‘03

g p p

Bottom Line – Spectacular Tertiary Recovery and 
Sequestration Targets



Isopach map of 
Niagaran rocks in 

the Michigan basinthe Michigan basin 
showing three 

depositional areas; 
contour interval 100 ?feet (from Gardner 

and Bray, 1984). 
Stipple pattern area 

?

is Lake Huron (east) 
and Lake Michigan 

(west).  North is 
t d th t f thtoward the top of the 

page.

After Mannes, R. (12/08),  2003 CO2 Flooding 
Conference Presentation in Midland, Tx Dec ‘03



QUESTIONS??QUESTIONS??




